Four new 19-residue peptaibols, named tulasporins A-D (1-4), were isolated from the semi-solid cultures of Sepedonium tulasneanum. Their structures were elucidated on the basis of extensive ESI-HRMS n fragmentation studies as well as 1 H NMR spectroscopic analyses. Interestingly, the structures of tulasporins A-D (1-4) resemble those of chrysospermins isolated earlier from cultures of S. chrysospermum. Previously, it was hypothesized that the peptaibol production by Sepedonium species correlates with the morphology of the aleurioconidia, as exclusively round-shaped aleurioconidia forming species produced peptaibols. Since the investigated Sepedonium tulasneanum produces oval aleurioconidia, this study can be considered as the first report of peptaibols from a Sepedonium strain with oval-shaped aleurioconidia. Thus, it could be demonstrated that both round as well as oval aleurioconidia forming Sepedonium species are able to produce peptaibols. Tulasporins A-D (1-4), when tested against phytopathogenic fungi, exhibited good growth inhibitory activity against both Botrytis cinerea and Phytophthora infestans, while they were devoid of significant activity against Septoria tritici.
The genus Sepedonium (Hypocreaceae, Ascomycota) comprises asexual states of fungi that parasitize basidiocarps of Boletales s.l. [1] . In natural habitats, we observed that Boletales fruiting bodies primarily infected by Sepedonium spp. are rarely colonized by secondary fungal parasites competing with Sepedonium for host nutrients. A variety of interesting secondary metabolites [2-6] were isolated from Sepedonium species which may be responsible for the observed biological phenomenon. One of the most prominent structural class within this genus is represented by the peptaibols due to their biological activity against molds [7] [8] [9] [10] and striking mode of action [11] .
Very recently, we reported the first investigation of a Chilean Sepedonium species, parasitizing an endemic bolete, in a polythetic approach based on chemical, biological, and phylogenetic data. It could be demonstrated that the investigated strain is strongly related to the European species S. chalcipori. Semi-solid cultivation and isolation yielded chilenopeptins A and B, two new linear 15-residue peptaibols. Additionally, the total synthesis of the chilenopeptins was accomplished by a solid-phase peptide approach [10] . The production of peptaibols in different Sepedonium species was investigated earlier by Neuhof et al. [5a] using MALDI-TOF mass spectrometry. It was concluded, that the production of peptaibols in Sepedonium may correlate with the shape of the aleurioconidia. Peptaibols were only identified in strains forming round-shaped aleurioconidia, and, in contrast, not detected in Sepedonium strains with oval-shaped aleurioconidia, such as S. tulasneanum (Plowr.) Sacc. [1,5a] . The herein investigated S. tulasneanum strain KSH 535 was isolated from the lurid bolete Boletus luridus Schaeff., a common European host of this species [1] . Due to the characteristic oval-shaped chlamydospores, S. tulasneanum was never confused with round aleurioconidia producing species like S. chrysospermum (Bull.) Fr. [1] . The present study describes isolation of four new 19residue peptaibols 1-4 from semi-solid cultures of S. tulasneanum KSH 535. Consequently, this is the first report of peptaibols from a Sepedonium strain with oval-to lemon-shaped aleurioconidia. Compound 1 was isolated as a white, amorphous solid. A positive ninhydrin reaction on TLC solely in the presence of the hydrolyzing agent p-TsOH indicated the presence of N-protected peptides. The positive ion full scan MS (Figure 2, showed the diagnostic fragment ions of the y n /v n series including v 18 -(m/z 1733.9669) suggesting the insertion of Ac-Phe at the N-terminus. Furthermore, a mass difference of 57 mass units between v 17 and the y 16 ion afforded the location of Ser at position 3. The tandem mass spectrometric analyses of 1, as compiled in Tables 1 and 2, indicated the presence of either Ile or Leu at position 6 (Lxx 6 ). The 1 H NMR spectrum displayed two high field doublets resonating at δ H 0.920 and δ H 0.840 (each J = 6.5 Hz) corresponding to CH 3 groups of the leucine residue (compare Fig.  S4 ). Based on the above observations, the sequence of 1 was assigned as Ac-Phe 1 -Aib 2 -Ser 3 -Aib 4 -Aib 5 -Leu 6 -Gln 7 -Gly 8 -Aib 9 -Aib 10 -Gln 11 -Ala 12 -Aib 13 -Pro 14 -Aib 15 -Aib 16 -Aib 17 -Gln 18 -Trpol 19 and trivially named tulasporin A ( Figure 1 ). , C-terminus). In comparison with 1, the 14 amu shift in 2 was observed in the N-terminal fragment b 13 + . Detailed analyses of the b n + ion series (Table 1) revealed that Aib 5 was exchanged by either valine or isovaline (Val or Iva). The presence of Iva at position 5 was evident from the characteristic triplet signal at δ H 0.680 (J = 7.5 Hz) corresponding to its γ methyl group (see Figure S4 ). Therefore, the structure of 2 was assigned as Ac-Phe 1 -Aib 2 -Ser 3 -Aib 4 -Iva 5 -Leu 6 -Gln 7 -Gly 8 -Aib 9 -Aib 10 -Gln 11 -Ala 12 -Aib 13 -Pro 14 -Aib 15 -Aib 16 -Aib 17 -Gln 18 -Trpol 19 , named tulasporin B ( Figure  1 ).
Compound 3 was isolated as a white, amorphous solid. ESI-HRMS studies demonstrated that 3 exhibited the same molecular formula (C 93 H 145 N 23 O 24 ) as compound 2. As in 1, the characteristic triplet signal of Iva was not observed in the 1 H NMR spectrum of 3. Positive and negative ion ESI-HRMS n investigations (Tables 1 and 2) confirmed that Gly 8 was exchanged by Ala 8 in comparison with 1. Thus, the structure of 3 was determined as Ac-Phe 1 -Aib 2 -Ser 3 -Aib 4 -Aib 5 -Leu 6 -Gln 7 -Ala 8 -Aib 9 -Aib 1 0 -Gln 11 -Ala 12 -Aib 1 3 -Pro 1 4 -Aib 15 -Aib 16 -Aib 17 -Gln 18 -Trpol 19 and consequently named tulasporin C.
ESI-HRMS measurements of compound 4, isolated as a white amorphous solid, afforded the molecular formula C 94 H 147 N 23 O 24 , demonstrating that the sequence of 4 holds a CH 2 group more than 2 and 3. In contrast to 1, exchanges of Aib 5 by Iva 5 and Gly 8 by Ala 8 in 4 were deduced from extensive tandem mass spectrometric studies (Tables 1 and 2) , as well as 1 H NMR analyses. The sequence of compound 4 (tulasporin D) was therefore established as Ac-Phe 1 -Aib 2 -Ser 3 -Aib 4 -Iva 5 -Leu 6 -Gln 7 -Ala 8 -Aib 9 -Aib 10 -Gln 11 -Ala 12 -Aib 13 -Pro 14 -Aib 15 -Aib 16 -Aib 17 -Gln 18 -Trpol 19 (Figure 1 ). 
Tulasporins A-D from Sepedonium tulasneanum Natural Product Communications Vol. 11 (12) 2016 1823 The biological activity of tulasporins A-D (1-4) was evaluated against the phytopathogenic ascomycetous fungi Botrytis cinerea (grey mold pathogen on many crops including strawberries and wine grapes) and Septoria tritici (causing septoria leaf blotch of wheat), as well as the oomycete Phytophthora infestans (causal agent of late blight disease on potato and tomato) using a 96 well microtiter plate assay ( Table 3 ). The commercial fungicides dodine and pyraclostrobin were used as references for a membrane active fungicide and a respiration inhibitor fungicide, respectively. Tulasporins 1-4 exhibited good growth inhibitory activity against both B. cinerea and P. infestans, while they were devoid of significant activity against S. tritici (IC 50 > 60 µM). As already observed for albupeptins A-D [9] , the antiphytopathogenic activity of compounds 1-4 increased with rising lipophilicity, with tulasporin D (4) being the most active and at the same time the most lipophilic compound. In conclusion, four new 19-residue peptaibols, named tulasporins A-D (1-4), were isolated from the semi-solid cultures of Sepedonium tulasneanum. Their structures resemble those of the chrysospermins and were elucidated on the basis of extensive ESI-HRMS n fragmentation studies, as well as 1 H NMR spectroscopic analyses. For the very first time, peptaibols were isolated from a Sepedonium strain with oval-shaped aleurioconidia. An earlier proposal, that the peptaibol production may correlate with the morphology of aleurioconidia, was thus disproved.
Experimental
General: Specific rotation, Jasco P-2000 polarimeter; UV, Jasco V-560 UV/Vis spectrophotometer; CD, Jasco J-815 CD spectrophotometer; NMR, Agilent VNMRS 600 system; Size exclusion column chromatography, Sephadex LH 20 (Fluka, Germany); TLC, precoated silica gel F 254 plates; Peptaibols were visualized on TLC plates using a modified acidic ninhydrin reagent, as described previously [9] . 1 H chemical shift were referenced to internal DMSO-d 6 (δ H 2.510 ppm). The positive and negative ion high-resolution ESI and collision induced dissociation (CID) MS n spectra were obtained from an Orbitrap Elite mass spectrometer (Thermo Fisher Scientific, Germany) equipped with a HESI electrospray ion source (positive spray voltage 4.0 kV, negative spray voltage 3.5 kV, capillary temperature 275°C, source heater temperature 200°C, FTMS resolution 30.000). Nitrogen was used as sheath and auxiliary gas. The MS system was coupled to an ultrahigh performance liquid chromatography (UHPLC) system (Dionex UltiMate 3000, Thermo Fisher Scientific), equipped with a RP18 column (particle size 1.9 µm, pore size 175 Å, 50 × 2.1 mm ID, Hypersil GOLD, Thermo Fisher Scientific; column temperature 40°C) and a photodiode array detector (200-600 nm, Thermo Fisher Scientific Antiphytopathogenic bioassay: Pure compounds were tested in a 96-well microtiter plate assay against Botrytis cinerea Pers., Septoria tritici Desm., and Phytophthora infestans (Mont.) De Bary, as described previously [9] .
Supplementary data: ESI-HRMS n data as well as 1 H NMR, CD, and UV spectra of tulasporins A-D (1-4) are available in electronic form on the publisher's website.
